The bending and fatigue strengths of rectangular mortise and tenon furniture joints made from oil palm lumber and solid Rubberwood were compared. The results showed that the ultimate bending moment of the oil palm lumber joints were half of the strength value of Rubberwood joints. The results showed that for both materials the allowable design stresses for rectangular mortise and tenon joints could be set at 20% of its bending strength.
Introduction
Furniture are often produced using rectangular mortise and tenon joints, especially for joining the back leg and the side rail of chair frame construction (Eckelman 1999) . Tighter fitness between the mortise and tenon, the use of materials of higher density and lower moisture content and larger joint dimensions have a strong positive influence on the overall strength of the joints (Erdil et al. 2005) . Although round mortise and tenon joints are efficient load bearers and are highly resistant to cyclic loading, Tankut and Tankut (2005) found that rectangular mortise and tenon joints to be 15% stronger due to the greater surface area for load distribution. Strong joints are essential in furniture as furniture failure often occurs at joints, which are subjected to both static and cyclic loads (Ratnasingam et al. 1997) . Consequently, fundamental data on the strength performance of joints are important if a particular material is to be promoted as a furniture material.
Recently, oil palm (Eleais guineensis) lumber has emerged as a potential raw material for the manufacture of educational school furniture in the South East Asian region, on the basis of its acceptable strength and working properties (Ratnasingam and Ioras 2009) . Nevertheless, the strength performance of joints made from oil palm lumber remains unknown, and the lack of information restricts its use in furniture frame construction. Therefore, a study was undertaken to evaluate the ultimate bending moment and fatigue strengths of rectangular mortise and tenon furniture joints made from oil palm lumber in comparison to the joints made from solid Rubberwood (Hevea brasiliensis), which is an established furniture material.
Methodology
In this study, the T-joints were assembled using oil palm lumber and solid Rubberwood, glued together with a 40% solid content PVAc adhesive. The joint components consisted of a 450 mm × 30 mm × 25 mm leg member and a 350 mm × 55 mm × 25 mm rail member. A total of 50 replicates were produced for each of the experimental material. The moisture contents of the assembly were maintained at 10 ± 2% moisture content. The rectangular mortise were cut using a mortising machine, and had a dimension of 40 mm in length, 20 mm in width and 12 mm in thickness. The tenons were cut using a single-end tenon machine to the dimension of 39.75 mm in length, 19.85 mm in width and 11.85 mm in thickness, to ensure a tight-fit of the joint. The PVAc adhesive was applied liberally on the surfaces of the tenon and mortise, and the assembly was pressed under a pressure of 3 N/mm 2 for a period of 5 minutes. The excessive adhesive was wiped off from the surfaces of specimens, which were then left in a conditioning room at 65% relative humidity for a month before further testing. 25 T-joint specimens from each experimental material were tested in an INSTRON universal testing machine fitted with an aluminum alloy angle plate which held the leg section, while the rail section was loaded by means of a stirrup attached to the machine cross head which moved at 12 mm/min during the test. The load which produced a sudden discontinuity in the load/deflection curve, corresponding to the joint failure was noted and used to determine the bending moment in Nm, as described in Tankut (2007) . The other 25 specimens of the T-joint from each of the experimental material were tested in a specially designed fatigue strength test rig, which applied a cyclic load by means of an air cylinder at a rate of 20 cycles per minute on to the rail section of the T-joint. Air regulators were used to adjust the applied load, while mechanical counters kept track of the number of cycles the specimens survived during the test. A limit switch was attached to turn off the test when the dial gauge attached to the specimen recorded a deflection exceeding 5 mm at the joint. The fatigue loads applied were 10%, 15%, 20%, 25% and 30% of the bending strengths determined previously. Table 1 shows the average ultimate bending moment of the joints made from the two different experimental materials used in this study. The ultimate bending moment of joints made from oil palm lumber was about half the strength of the joints made from solid Rubberwood. This is possibly attributed to the higher shear strength of Rubberwood compared to oil palm lumber, as suggested by Erdil et al. (2005) and Tankut and Tankut (2005) . The failure in the oil palm joints were predominantly splits in the leg member, while in the Rubberwood joints, failure occurred primarily by tenon breakage. This observation could be explained by the anatomical structure of the oil palm lumber, which impairs its shear strength and splitting resistance (Ratnasingam and Ioras 2009) .
Results
In terms of fatigue strength, the results reveal that the strength reduction due to dynamic loading in oil palm lumber specimens was similar to the solid Rubberwood specimens at the 20% load level, although at the higher load levels, the solid Rubberwood specimens showed lesser strength reduction compared to the oil palm lumber spec-imens (Fig. 1) . Based on the fatigue strength of the mortise and tenon joints, the recommended allowable design stress for furniture joints could be set at 20% of its bending strength to ensure its compliance with the minimum furniture performance standard of 200,000 cycles of load (Eckelman 1999) . Further, the result also reaffirms the previous findings that the fatigue strength of joints cannot be linearly related to its bending strength (Tsai and Ansell 1990; Ratnasingam et al. 1997) .
Industrial implications
This study shows that the recommended allowable design stresses for rectangular mortise and tenon furniture joints could be set at 20% of its bending strength to ensure the compliance of the furniture in terms of its strength performance. Furthermore, the study also shows that oil palm lumber can be used as a furniture material provided the allowable design stresses are taken into consideration in the furniture construction.
